The microscopic solvent properties dipolarity/polarizability SPP, basicity SB and acidity SA were determined for binary mixtures of ethyl acetate with chloroform or acetonitrile or methanol as cosolvent. Each solvent system was analyzed according to its deviation from ideal behavior due to the preferential solvation phenomenon. The results were related to the dipolarity/polarizability π*, basicity β and acidity α evaluating, in each case, the concordance between both multiparametric scales. The solvent properties were correlated with the kinetic properties corresponding to a nucleophilic aromatic substitution reaction through linear free energy relationships. The adequacy of the multiparametric scales as appropriate approaches to describe the solvent features in microscopic environments was analyzed.
Introduction
Previous studies have been reported by us 1 which have contributed to the prediction and description of solvent effects on solvatochromic and kinetic processes. On the one hand, we characterized several binary solvent mixtures by determining the solvatochromic solvent parameters E T (30) (Dimroth-Reichardt) 2 and π*, α and β (Kamlet, Abboud and Taft -KAT-) 3 which describe empirically the solvation interactions at a molecular level. On the other hand, we explored the kinetics of some nucleophilic aromatic substitution reactions performed in mixed solvents. In each case, the intermolecular interactions taking place and the preferential solvation phenomenon were analyzed. The solvatochromic and the kinetic solvent-dependent processes have been related. In general, the mixed solvents explored were those in which the components are solvent-active to one another forming associated species through specific molecular interactions. 4, 5 In order to contribute to the rationalization of the treatment of the solvent effects, the purpose of this work is to extend the precedent analysis to the solvent dipolarity/polarizability SPP, solvent acidity SA and solvent basicity SB (scales reported by Catalán and co-workers) which have not yet been used extensively. 6 The general purpose of this work, though, is to evaluate if empirical solvent parameters provide an appropriated framework to the interpretation of medium effects on different processes occurring in mixed solvents.
Results and Discussion
Based on the application of Kamlet and Taft´s solvatochromic comparison method (SCM), the SPP scale was drawn from the solvatochromic shifts undergone by the longest wavelength absorption maximum of two indicators: 2-(dimethylamino)-7-nitrofluorene (DMANF) and 2-fluoro-7-nitrofluorene (FNF). The SB and SA scales are based on the probe-homomorphs couples 5-nitroindoline (NI) and 1-methyl-5-nitroindoline (MNI), and o-tert-butylstilbazolium (TBSB) and o,o´-di-tert-butylstilbazolium (DTBSB) betaine dyes, respectively. The parameters were calculated from the experimental wavenumbers of the absorption maximum of the solvatochromic solutes according to the equations1-3. 6a,c,e The deconvolution of the experimental spectra was applied for the calculation of SA values.
Recently, some solvent mixtures were characterized following the pure solvent scales mentioned above.
6g,h Moreover, the SPP scale has been analyzed in terms of polarity and polarizability contributions. It might be possible that polarity predominates. These selected mixtures are part of the set of binary mixtures previously characterized by π*, α and β parameters. 1a,b,c The solvatochromic parameters SPP, SB and SA, which were calculated from the experimental wavenumbers determined by us for the proposed mixtures, are presented in Table  1 . Figure 1 shows the variation of the properties on the overall cosolvent molar fraction range. 
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The SPP values vary in a special way according to those previously reported 6a,b,g,h for the cases in which the pure components of the mixtures have almost the same polarity/polarizability. The SA values corresponding to the mixtures of (EAc + CHCl 3 or AcN) exhibit negligible acidity throughout the cosolvent molar fraction range. The system (EAc + MeOH) (in which the acidity of the pure components differs in 0.6 units) shows high increases in the property values with the addition of MeOH to pure EAc, reaching the ideal behavior in the MeOH-rich zone.
The SB values exhibit positive deviations from the ideal behavior at the whole cosolvent molar fractions range. Moreover, synergetic effect on the property is observed for mixtures with cosolvent molar fractions lower than 0,50 in the case of CHCl 3 , 0,40 in the case of AcN and at all molar fractions in the case of MeOH. It is possible to observe that by enriching the mixtures with the cosolvent, the basicity decreases rapidly above X CoS =0.5.
Comparison of SPP, SA and SB with π*, α and β: evaluation of the concordance between both multiparametric empirical scales The degree of agreement between the values for each property measured by different scales was evaluated through the Bland-Altman (B-A) approach. 8 This is a statistical technique helpful in analyzing whether two different methods of measurement agree sufficiently closely. The B-A analysis includes: i) the calculation of the difference of each pair of measurements; ii) the calculation of the mean of the differences; iii) the determination of the standard deviation of the differences; iv) the determination of the 95% confidence intervals on the differences; and iv) to contruct a plot of the differences against the means indicating with horizontal lines the mean differences and the 95% confidence intervals (concordance limits). The results are shown in Table 2 . The B-A plots are shown in Figures 2. 
Mean differences (----). Limits of concordance (-).
As can be observed in the B-A plots, the difference values do not exceed the concordance limit, these being distributed randomly from one side to the other of the line which corresponds to difference zero. In most cases, the differences do not vary in any systematic way over the range of measurements.
Correlation between kinetic properties and microscopic solvent properties As a contribution to the discussion whether solvatochromic scales are adequate tools to describe solvent effects on any chemical process, Linear Free Energy Relationships 9 (LFERs) between logarithm of rate constants and empirical solvent parameters were investigated. Moreover, the agreement of different but comparable three-parametric models to interpret the solvation effects on a kinetic process was discussed. On the one hand, the kinetic study of the aromatic nucleophilic substitution (S N Ar) reaction between 1-fluoro-2,4-dinitrobenzene (FDNB) and the secondary amine morpholine (Mo) in EAc+CHCl 3 or MeOH mixtures has been previously reported.
1a,c On the other hand, the π*, α and β microscopic parameters corresponding to these binary mixtures have been previously determined. 1b,d,e The correlation analysis between the second-order rate constant (k A ) (at low and high Mo concentration) and SPP, SB and SA, as π*, α and β solvent descriptors, are shown in Table 3 . The correlations are acceptable for both multiparametric approaches. The results clearly show that Catalán´s equation exhibit better correlations than KAT´s equation when the cosolvent is MeOH, while opposite results are observed when the cosolvent is CHCl 3 . From the signs and values of the s, a and b correlation coefficients, mostly analogies can be observed between both multiparametric approachs, but there are some differences as well: -The influence of the solvation effects attributed to the dipolarity/polarizability of the solvent on the reaction rate is negative except from the MeOH mixtures at high Mo concentration (in which it is positive according to the Catalán approach) and CHCl 3 mixtures at low Mo concentration (in which it is not significant according to KAT approach). -The impact of the hydrogen bond acceptor character of the solvent on the reaction rate is positive in all cases except from the MeOH mixtures at high Mo concentration (in which it is negative according to both multiparametric approaches). -The influence of the hydrogen bond donor ability of the solvent on the reaction rate is positive at low Mo concentration and negative at high Mo concentration except from CHCl 3 mixtures at high Mo concentration (in which it is not significant according to KAT approach) Number of data points = 11 (9 binary mixtures + 2 pure solvents).
